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(54) PHOTOELECTRIC TRANSDUCER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a photoelectric transducer using a new 
gel electrolyte, in which the liquid leakage is prevented by the gellation of 
electrolytic solution, and in which photoelectric transducing characteristics is not 
degraded by the gellation of electrolytic solution. 

SOLUTION: In the photoelectric transducer having at least an electrode on 
whose one side face a semiconductor layer is coated, a counter electrode 
opposing to the semiconductor layer of this electrode, and an electrolyte layer 
arranged between the semiconductor layer of the electrode and the counter 
electrode, the electrolyte layer is formed from a gelatinous electrolyte formed by 
polymerizing a mixture solution composed of a crosslinking substance 
containing 51 wt.% or more of at least bi-functional vinyl monomer, a solvent, 
and a redox series composing substance. 
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CLAIMS 
[Claim(s)] 

[Claim 1] In the optoelectric transducer which has the electrolyte layer arranged 
at least between the electrode with which the semi-conductor layer was put on 
one field, the counter-electrode which stands face to face against said 
semi-conductor layer of this electrode, and said semi-conductor layer and 
counter-electrode of this electrode The optoelectric transducer characterized by 
being formed from the gel electrolyte generated by carrying out the 
polymerization of the mixed solution with which said electrolyte layer consists of 
the cross-linking matter which contains the vinyl monomer of two or more 
functionality 51% of the weight or more, a solvent, and an oxidation reduction 
system constituent at least. 

[Claim 2] Said cross-linking matter is an optoelectric transducer according to 
claim 1 characterized by containing the vinyl monomer of four or more 
functionality 51% of the weight or more. 

[Claim 3] Said mixed solution is an optoelectric transducer according to claim 1 
characterized by containing a polymerization initiator further. 



[Claim 4] Said solvent is an optoelectric transducer according to claim 1 
characterized by being an organic solvent. 

[Claim 5] Said oxidation reduction system constituent is an optoelectric 
transducer according to claim 1 characterized by being the oxidation reduction 
system constituent of a couple which has the respectively same charge, and 
which consists of an oxidant and a reductant. 

[Claim 6] Said mixed solution is an optoelectric transducer according to claim 1 
characterized by containing said cross-linking matter and containing 65 % of the 
weight - 96.5 % of the weight and said oxidation reduction system constituent for 
said solvent 0.5 % of the weight to 5% of the weight 3 % of the weight to 30% of 
the weight. 

[Claim 7] Said mixed solution is an optoelectric transducer according to claim 1 
characterized by a polymerization being carried out by the radical polymerization 
by light, heat, or the radiation. 

[Claim 8] Said organic solvent is an optoelectric transducer according to claim 4 
characterized by being at least one or more kinds of solvents chosen from the 
group which consists of a nitryl compound, a carbonate compound, and a 
nitrogen content heterocyclic compound. 

[Claim 9] Said oxidation reduction system constituent is an optoelectric 
transducer according to claim 5 characterized by consisting of an iodide 



compound-iodide. 

[Claim 10] The optoelectric transducer according to claim 1 characterized by 
carrying out a polymerization since impregnation of said mixed solution is carried 
out to a porous body. 

[Claim 11] Said porous body is an optoelectric transducer according to claim 10 
characterized by consisting of raw materials which have the porosity of 30% - 
80% of within the limits. 

[Claim 12] The optoelectric transducer according to claim 10 characterized by 
being within the limits whose thickness of said porosity is 1 micrometer - 1mm. 
[Claim 13] The optoelectric transducer according to claim 10 or 1 1 characterized 
by said porosity consisting of a barrier filter, a separator, or a nonwoven fabric. 
[Claim 14] Said barrier filter is an optoelectric transducer according to claim 13 
characterized by being formed with the raw material chosen from the group 
which consists of a glass fiber, polyolefines, and polyester. 
[Claim 15] Said separator or nonwoven fabric is an optoelectric transducer 
according to claim 13 characterized by being formed with polyolefines, polyester, 
polyamides, the poly FERIREN sulfide, vinyon (copolymerization object of a vinyl 
chloride and vinyl acetate), polyimide, and at least one kind of raw material 
chosen from the group which consists of Vinylon (acetalization polyvinyl 
alcohol). ; 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a gel polymer electrolyte. 
Furthermore, this invention relates to the optoelectric transducer which used the 
gel polymer electrolyte at a detail. 
[0002] 

[Description of the Prior Art] The solar battery is greatly expected as a clean 
energy source, and the pn junction mold solar battery etc. is already put in 
practical use. On the other hand, although the photogalvanic cell which takes out 
electrical energy using the chemical reaction of an optical-pumping condition 
was developed by many researchers, when saying about utilization, it was 
already in Haruka at the high pn junction mold solar battery of a track record. 
[0003] The type which used the oxidation reduction reaction which consists of a 
sensitizer and an electron acceptor in the conventional photogalvanic cell is 
known. For example, there is a system which combined thionine dye and iron (II) 
ion. Moreover, the photogalvanic cell using the photocharge separation of a 



metal or its oxide has also been known since discovery of the Honda-Fujishima 
effectiveness. 

[0004] When a semi-conductor contacts a metal, the Schottky barrier is made 
with the relation of the work function of a metal and a semi-conductor, but same 
junction can be performed also when the semi-conductor and the solution have 
touched. For example, when oxidation reduction systems, such as Br- 
[ Fe2+/Fe3+, Fe(CN)64-/Fe(CN)63-, I- / 12, and ]/Br2, and hydroquinone/quinone, 
are included in the solution, if a n-type semiconductor is soaked in a solution, the 
electron near the front face of a semi-conductor will move to the oxidizer in a 
solution, and will reach equilibrium. Consequently, near the front face of a 
semi-conductor is just charged, and an electric potential gradient produces it. In 
connection with this, inclination arises also in the conduction band and valence 
band of a semi-conductor. 

[0005] If light is irradiated on the front face of the semiconductor electrode 
soaked in the oxidation reduction solution, light with the energy more than the 
band gap of a semi-conductor is absorbed, and near a front face, an electron will 
be generated to a conduction band and it will generate an electron hole to a 
valence band. The electron excited by the conduction band is transmitted to the 
interior of a semi-conductor according to the electric potential gradient which 
exists near the front face of the semi-conductor mentioned above, and, on the 



other hand, the electron hole generated by the valence band takes an electron 
from the reductant in a oxidation reduction solution. 

[0006] If a metal electrode is dipped in a oxidation reduction solution and a circuit 
is made between a metal electrode and a semi-conductor, the reductant from 
which the electron was taken in the electron hole will diffuse the inside of a 
solution, will receive an electron from a metal electrode, and will be returned 
again. This cycle is repeatable, a semiconductor electrode can be committed as 
a negative electrode, a metal electrode can be committed as a positive electrode, 
respectively, and power can be supplied to the exterior. Therefore, 
photoelectromotive force becomes the difference of the oxidation reduction level 
of a oxidation reduction solution, and the Fermi level in a semi-conductor. 
[0007] In order to enlarge photoelectromotive force, it is being able to make a big 
difference, namely, using the large semi-conductor of a band gap between using 
the strong oxidation reduction solution of oxidizing power low [ ** oxidation 
reduction level ], ** oxidation reduction level, and the Fermi level in a 
semi-conductor. 

[0008] However, if the oxidizing power of a oxidation reduction solution is too 
large not much, an oxide film is formed in the own front face of a semi-conductor, 
and a photocurrent is stopped in the inside of a short time. Moreover, it is too 
large for absorbing efficiently the sunlight which has a strong peak near 2.5eV 



although the semi-conductor of 3.0eV ** is used for the band gap since there is a 
problem which is easy to dissolve into a solution according to the current on 
which, as for a semi-conductor 3.0eV or less, a band gap generally flows about a 
band gap in the case of photo electric translation. Therefore, since the visible 
range which occupies most sunlight cannot be absorbed at all but only an 
ultraviolet region can be absorbed, photoelectric conversion efficiency becomes 
very low. 

[0009] As mentioned above, although effectiveness will improve if the small 
semi-conductor of a band gap is used in case a wet solar battery tends to 
perform photo electric translation, the dissolution of an electrode tends to take 
place and a life falls. Conversely, with a semi-conductor with a large band gap, 
although a life increases, only the light of short wavelength is absorbed, but 
effectiveness is low. Then, the attempt which a band gap tends to absorb to the 
light of long wavelength with coloring matter taking advantage of the stability of a 
large semi-conductor was performed. This is called coloring matter sensitization 
solar battery. That is, the coloring matter which absorbs light on the surface of a 
semiconductor electrode tends to be made to stick to a coloring matter 
sensitization solar battery, and it tends to absorb the light of long wavelength 
with coloring matter from the band gap of a semiconductor electrode. 
[0010] A coloring matter sensitization solar battery is related with photosynthesis, 



and is caught in many cases. Although chlorophyll was considered like 
photosynthesis as coloring matter at the beginning, it was what unlike the natural 
chlorophyll exchanged for continuously new chlorophyll there is a problem in 
respect of stability, and does not fill the photoelectric conversion efficiency as a 
solar battery with the coloring matter used for a solar battery to 0.5%, either. It is 
dramatically difficult to simulate the process of photosynthesis of a nature as it is, 
and to constitute a solar battery. 

[0011] Thus, although a coloring matter sensitization solar battery obtains a hint 
from photosynthesis and it is said that it would absorb the light of long 
wavelength, since the electronic conduction device became complicated actually, 
buildup of loss became a problem on the contrary. If the layer which absorbs 
light is thickened, absorption efficiency can be raised in a solid solar battery. 
However, about a coloring matter sensitization solar battery, only the 
monomolecular layer on a front face can pour an electron into a semiconductor 
electrode. Therefore, in order to lose the useless absorption of light, as for the 
coloring matter on a semi-conductor front face, considering as a monomolecular 
layer is desirable. 

[0012] And in order to pour in the electron in the excited coloring matter into a 
semi-conductor efficiently, it is desirable to have combined with the 
semi-conductor front face and the chemistry target. For example, in order to 



combine with a semi-conductor front face and a chemistry target about titanium 
oxide, it is important that a carboxyl group is in coloring matter etc. 
[0013] Fujihira's and others group did the important improvement about this point. 
They have reported to Journal Nature that the photocurrent became 10 or more 
times of the conventional adsorption process in 1977, when the carboxyl group 
of rhodamine B carries out an ester bond to the hydroxyl group of Sn02 front 
face. This is made because the pi orbital in which the electron with which the 
direction of an ester bond absorbed luminous energy within coloring matter 
exists is nearer than the conventional amide association on the surface of a 
semi-conductor. 

[0014] However, the electron which is in a conduction band even if it is able to 
pour an electron into a semi-conductor effectively has possibility of recombining 
with the ground level of coloring matter, possibility of recombining with the 
oxidation reduction matter, etc. Since there was such a trouble, there was 
photoelectric conversion efficiency in spite of the above-mentioned improvement 
about electron injection until now [ low ]. 

[0015] As mentioned above, it is that only the sensitizing dye supported with the 
monolayer by the semi-conductor front face can pour in an electron to a 
semi-conductor as a big trouble of the conventional coloring matter sensitization 
solar battery. That is, the single crystal and polycrystal semi-conductor which 



were used well [ until now ] to a semiconductor electrode have a smooth front 
face, the effective area with which it does not have pore in the interior but 
sensitizing dye is supported is equal to an electrode surface product, and there 
are few amounts of support of sensitizing dye. 

[0016] Therefore, when such an electrode is used, the sensitizing dye of the 
monomolecular layer supported by the electrode can be absorbed 1% or less of 
incident light also on the maximum absorption wavelength, but the utilization 
effectiveness of light gets very bad. Although the attempt which makes 
sensitizing dye a multilayer is also proposed in order to heighten the 
light-harvesting force, sufficient effectiveness is not acquired generally. 
[0017] GURETTSUERU etc. porosity-ized the titanium oxide electrode, made 
sensitizing dye support as a means to solve such a problem, and increased 
internal area remarkably (for example, JP,2664196,B). This titanium oxide 
porous membrane is produced with a sol-gel method, membranous porosity is 
about about 50%, and the nano porosity structure of having very high specific 
surface area is formed. For example, in 8-micrometer thickness, a roughness 
factor (real area inside the porosity over substrate area comparatively) amounts 
also to about 720. When this front face is calculated geometrically, the 
concentration of sensitizing dye will reach 1.2x10-7 mol/cm2, and about 98% of 
incident light will be absorbed very much on the maximum absorption 



wavelength. 

[0018] The new coloring matter sensitization solar battery called this 
GURETTSUERU eel is the description that the point which absorbed efficiently 
buildup of the fast amount of support of the sensitizing dye by porosity-izing of 
above-mentioned titanium oxide and sunlight, and sensitizing dye with it 
developed is big. [ the remarkable electronic grouting velocity to a 
semi-conductor and ] [ quick ] 

[0019] GURETTSUERU and others developed the bis(bipyridyl) (II) Ru complex 
for the coloring matter sensitization solar battery. The Ru complex has the 
structure of the general formula cis— X2 screw (2, the 2-bipyridyl -4, 4'-dicarboxy 
rate) (II) Ru. X is CI-, CN-, and SCN-. Fluorescence, light absorption, and 
electrochemical and research systematic about photooxidation 
reduction-behavior were done about these, among these — cis-(diisocyanate)- 
having the engine performance which boiled markedly Screw (2, the 2'-bipyridyl 
-4, 4'-dicarboxy rate) (II) Ru as a sunlight absorbent and a coloring matter 
sensitizer, and was excellent was shown. 

[0020] Light absorption of this coloring matter sensitizer is charge transfer 
transition to a ligand from a metal. Moreover, the carboxyl group of a ligand is 
directly configurated to surface Ti ion, and forms close electronic contact 
between a coloring matter sensitizer and titanium oxide. It is supposed that 



re-capture of the electron poured in to the conduction band of the titanium oxide 
by the coloring matter sensitizer to which the electron injection from a coloring 
matter sensitizer to the conduction band of titanium oxide happened at the very 
quick rate of one or less picosecond, and that hard flow oxidized by this 
electronic contact is happened to the order of a microsecond. This speed 
difference produces the directivity of an optical-pumping electron, and charge 
separation is the reason performed at very high effectiveness. And it is the 
difference from the pn junction solar battery which performs charge separation 
according to the electric potential gradient of a pn junction side, and this is 
prodigal and is the essential description of a TSUERU cel. 

[0021] The configuration of a GURETTSUERU eel is the eel of the sandwiches 
mold which enclosed the electrolytic solution containing a redox couple between 
two conductive glass substrates which coated the transparence electric 
conduction film of the tin oxide which carried out the fluorine dope. One side of a 
glass substrate carries out the laminating of the porous membrane which 
consists of titanium oxide ultrafine particles of colloid on the transparence 
electric conduction film, makes sensitizing dye adsorb further and is taken as a 
working electrode. Another side coats a small amount of platinum on the 
transparence electric conduction film, and makes it a counter electrode. A 
spacer is inserted between two glass substrates and an electrolytic solution is 



poured into very few clearances between in the meantime using capillarity. The 
mixed solvent of ethylene carbonate and an acetonitrile is used for an electrolytic 
solution, and it is what made the solute iodation tetra--n-propyl ammonium and 
iodine, and contains the redox couple of I-/I3-. The platinum by which coating 
was carried out to the counter electrode has the catalysis which carries out 
cathodic reduction of 13- of this redox couple to I-. 

[0022] The principle of operation of a GURETTSUERU eel is not different from 
the wet solar battery which used the conventional semi-conductor fundamentally. 
However, in every part of a porous electrode like a GURETTSUERU eel, the 
photocharge separation response of homogeneity and being carried out 
efficiently is mainly because an electrolyte layer is a liquid. That is, it is because 
a solution diffuses in porosity in homogeneity only by dipping a coloring matter 
support porous electrode in a solution and an ideal electrochemical interface can 
be formed. 

[0023] however, this electrolyte layer of a solution layer is actual preferably from 
a viewpoint of the stability of a solar battery - in many cases, even if it produces 
a cell, the liquid spill of an electrolytic solution precedes with degradation of 
other cell components, and happens, and reducing the engine performance of a 
solar battery is known. Therefore, for utilization of a GURETTSUERU eel, as the 
electrolyte was mentioned as an example, an examination detailed about each 



element which constitutes a GURETTSUERU eel must be added. 
[0024] The coloring matter sensitization solar battery with photoelectric 
conversion efficiency higher than the conventional wet solar battery which made 
sensitizing dye stick to the porous membrane of the oxide semiconductor which 
does not carry out the optical dissolution as an optoelectric transducer using the 
photoelectrochemical reaction of an oxide semiconductor is known (for example, 
refer to JP, 1-220380, A). However, there is no cure to decline in the photoelectric 
conversion efficiency from which the liquid spill of the electrolytic solution, 
volatilization of the electrolytic solution by the heat accompanying an optical 
exposure, etc. become a cause by the approach given [ above-mentioned ] in an 
official report. 

[0025] Then, an ion conductor (for example, refer to JP, 7-2881 42, A), a 
conductive polymer (for example, K.Murakoshi et al., Chem.Lett., p.471, 1997 
reference), etc. which have an oxidation reduction system are used as an 
alternative of the electrolytic solution, and some attempts which solve the 
above-mentioned problem are known. However, by these approaches, since an 
electrolyte is a solid-state, as a result of the electrode of an optoelectric 
transducer and the interfacial resistance between electrolytes going up, internal 
resistance increased and there was a problem on which photoelectric 
conversion efficiency decreases rather than the case where the electrolytic 



solution is used. 

[0026] Moreover, the optoelectric transducer using a low-molecular gelling agent 
(for example, refer to JP,1 1-185836,A) and the optoelectric transducer using the 
crosslinked polymer (for example, refer to JP,1 1-1 2691 7,A) which has a specific 
radical are proposed, however, a low-molecular gelling agent from gelation 
capacity declining at an elevated temperature Since the crosslinked polymer 
which it is easy to produce the liquid spill of the electrolytic solution in an 
elevated temperature, and has a specific radical contains the monomer of two or 
more functionality required for bridge formation of a macromolecule only 50 or 
less % of the weight, If little, bridge formation is weak in the electrolytic solution, 
and in order to make the content in the inside of the electrolytic solution of a 
crosslinked polymer increase to improvement in on the strength of a crosslinked 
polymer, possibility of the electrolytic solution decreasing as a result and causing 
decline in the conversion efficiency of an optoelectric transducer is high. 
[0027] 

[Problem(s) to be Solved by the Invention] Therefore, the object of this invention 
is offering the optoelectric-transducer component using the new gel electrolyte 
with which the photoelectric transfer characteristic's does not fall by gelation of 
the electrolytic solution while preventing a liquid spill by gelation of the 
electrolytic solution. 



[0028] 

[Means for Solving the Problem] In the optoelectric transducer which has the 
electrolyte layer by which said technical problem has been arranged at least 
between the electrode with which the semi-conductor layer was put on one field, 
the counter-electrode which stands face to face against said semi-conductor 
layer of this electrode, and said semi-conductor layer and counter-electrode of 
this electrode It is solved by forming from the gel electrolyte generated by 
carrying out the polymerization of the mixed solution which consists said 
electrolyte layer of the cross-linking matter which contains the vinyl monomer of 
two or more functionality 51% of the weight or more, a solvent, and an oxidation 
reduction system constituent at least. 
[0029] 

[Embodiment of the Invention] Hereafter, an example of the optoelectric 
transducer of this invention is explained concretely, referring to a drawing. 
Drawing 1 is the outline sectional view of an example of the optoelectric 
transducer of this invention. The optoelectric transducer 1 of this invention has 
the transparent electrode 3 formed in one front face of the transparence 
substrate 2 as illustrated. The semi-conductor layer 6 which supported coloring 
matter is formed in one front face of this transparent electrode 3. Furthermore, 
face to face is stood against this semi-conductor layer 6, and a counter-electrode 



4 exists. The counter-electrode 4 is formed in one front face of another 
transparence substrate 7. The electrolyte layer 5 exists between the 
semi-conductor layers 6 and counter-electrodes 4 which supported coloring 
matter. 

[0030] This electrolyte layer 5 is formed from the gel electrolyte generated by 
carrying out the polymerization of the mixed solution which consists of the 
cross-linking matter which contains the vinyl monomer of two or more 
functionality 51% of the weight or more, a solvent, and an oxidation reduction 
system constituent at least. 

[0031] By making coloring matter support, the semi-conductor layer 6 of this 
invention can obtain an optoelectric transducer with high photoelectric 
conversion efficiency. All can be used if it is coloring matter of daily use by the 
conventional coloring matter sensitization nature optoelectric transducer as 
coloring matter used in order to make the semi-conductor layer 6 of this 
invention support. Such coloring matter is well-known to this contractor. As for 
such coloring matter, a transition metal complex the 
ruthenium-cis-JIAKUA-bipyridyl complex of for example, RuL2(H20) 2 type or 
ruthenium-tris (RuL3), a ruthenium-screw (RuL2), male NIUMU-tris (OsL3), and 
male NIUMU-bis(OsL2) type or a zinc-tetrapod (4-carboxyphenyl) porphyrin, an 
iron-hexa cyanide complex, a phthalocyanine, etc. are mentioned. As organic 
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coloring matter, 9-phenyl xanthene dye, coumarin system coloring matter, an 
acridine dye, triphenylmethane dye, tetraphenylmethane system coloring matter, 
quinone system coloring matter, azo dye, indigo system coloring matter, cyanine 
dye, merocyanine system coloring matter, a xanthene dye, etc. are mentioned. 
Also in this, a ruthenium-bis(RuL2) derivative is desirable. 

[0032] As an amount of support of the sensitizing dye to the semi-conductor 
layer 6, 0.1 - 9.0x10-7 mol/cm2 is [ that what is necessary is just to be in the 
range of 10-8 - 10-6 mol/cm2 ] especially desirable. 

[0033] As an ingredient which forms the semi-conductor layer 6, Cd, Zn, In, Pb, 
Mo, The oxide of W, Sb, Bi, Cu, Hg, Ti, Ag, Mn, Fe, V, Sn, Zr, Sr, Ga, Si, and Cr, 
perovskite like SrTi03 and CaTi03, Or the sulfide of CdS, ZnS, ln2S3, PbS, 
Mo2S, WS2, Sb2S3, Bi2S3, ZnCdS2, and Cu2S, The metal chalcogenide of 
CdSe, ln2Se3, WSe2 and HgS, PbSe, and CdTe, other GaAs(es), Si and Se, 
Cd2P3, Zn2P3, InP, AgBr, and Pbl2, Hgl2 and Bil3 are desirable. Or the 
complex 2 which is chosen from said semi-conductor and which contains more 
than a kind at least, for example, CdS/TiO, CdS/Agl, Ag2 S/Agl, CdS/ZnO, 
CdS/HgS, CdS/PbS, ZnO/ZnS, ZnO/ZnSe, CdS/HgS, CdSx/CdSe 1-x, CdSx/Te 
1-x, CdSex/Te 1-x, ZnS/CdSe, ZnSe/CdSe, CdS/ZnS, Ti02/Cd3P2, 
CdS/CdSeCdyZn1-yS, and CdS/HgS/CdS are desirable. Especially, a support 
reaction with the aforementioned sensitizing dye advances more promptly by 



using an oxide for a semi-conductor layer. 

[0034] The thickness of the semi-conductor layer 6 should just be the thickness 
of the range of 0.1-100 micrometers. When the thickness of the semi-conductor 
layer 6 is less than 0.1 micrometers, sufficient photo-electric-translation 
effectiveness may not be acquired. On the other hand, since the inconvenience 
of the permeability over the light and a near infrared getting worse remarkably 
arises when thickness is 100-micrometer **, it is not desirable. 
[0035] The near electrode 3 on which the semi-conductor layer 6 is put points 
out the transparent electrode on the transparence substrate which consists of 
the metal itself, glass, or plastics. As a desirable electrode, a metal, carbon (for 
example, platinum, gold, silver, copper, aluminum, a rhodium, an indium, etc.), 
or metallic oxides (tin oxide which doped the indium-tin multiple oxide and the 
fluorine) are mentioned. 

[0036] The near electrode 3 on which the semi-conductor layer 6 is put is so 
good that surface electrical resistance is low. the range of desirable surface 
electrical resistance ~ ** » if it carries out, it is below 50ohms / **, and they are 
below 30ohms / ** more preferably. Although there is especially no limit in a 
minimum, they are usually 0.1ohm/**. 

[0037] The near electrode 3 on which the semi-conductor layer 6 is put is so 
good that permeability is high. As desirable permeability, it is 50% or more, and 



is 80% more preferably. The thickness of the transparent electrode at this time 
has desirable 0.1-10 micrometers. When using a transparent electrode, as for 
light, it is desirable to carry out incidence from the near electrode on which a 
semi-conductor layer is put. 

[0038] The counter-electrode 4 is synonymous with the near electrode 3 on 
which it works as a positive electrode of an optoelectric transducer, and the 
above-mentioned semi-conductor layer 6 is usually put. 

[0039] In order for light to reach the semi-conductor layer 6, at least one side of 
the near electrode 3 and near counter-electrode 4 on which the 
above-mentioned semi-conductor layer 6 is put must be substantially 
transparent. In the optoelectric transducer 1 of this invention, the near electrode 
3 on which the above-mentioned semi-conductor layer 6 is put is transparent, 
and it is desirable to carry out incidence from the near electrode with which 
sunlight is put on the semi-conductor layer 6. In this case, the glass which 
vapor-deposited carbon, a metal, or conductive oxide as a counter-electrode 4 of 
an optoelectric transducer 1, or plastics is desirable, and especially the thing that 
vapor-deposited carbon or platinum is desirable. 

[0040] All can be used without being limited as cross-linking matter for 
generating the gel electrolyte of this invention, especially if the vinyl monomer of 
two or more functionality is contained 51% of the weight or more. Especially the 



cross-linking matter that contains the vinyl monomer of four or more functionality 
51% of the weight or more becomes it is little and possible [ forming a gel 
electrolyte ], and can expect improvement in the 
photoelectric-conversion-efficiency property of an optoelectric transducer. As 49 
or less % of the weight of remaining components, the 1 functionality vinyl 
monomer of non-cross-linking can also be used. Needless to say, other 
cross-linking or non-cross-linking matter can also be used as a residual 
component. The upper limit of the content of the vinyl monomer of two or more 
functionality is 100 % of the weight. That is, the cross-linking matter which 
consists of a vinyl monomer of two or more functionality altogether can also be 
used. 

[0041] As a vinyl monomer, no special definition is received at the exposure of 
heat treatment, ultraviolet rays, or an electron ray that what is necessary is just 
the monomer in which a polymerization is possible, and a prepolymer. The 
example of the vinyl monomer in which thermal polymerization, 
photopolymerization, or radiation polymerization is possible is shown below. 
[0042] As a 1 functionality vinyl monomer, first, for example, a methyl acrylate, 
An ethyl acrylate, acrylic-acid isopropyl, acrylic-acid-n-propyl, 
Acrylic-acid-n-butyl, acrylic-acid-t-butyl, acrylic-acid benzyl, A methyl 
methacrylate, ethyl methacrylate, methacrylic-acid isopropyl, 



Methacrylic-acid-n-propyl, n-butyl methacrylate, methacrylic-acid isobutyl, 
T-butyl methacrylate, tridecyl methacrylate, methacrylic-acid benzyl, 
2-ethylhexyl acrylate, 2-ethylhexyl methacrylate, Acrylic-acid octyl, 
methacrylic-acid octyl, acrylic-acid lauryl, Methacrylic-acid lauryl, acrylic-acid 
cetyl, methacrylic-acid cetyl, acrylic-acid stearyl, **** (meta) acrylic ester, such 
as stearyl methacrylate, acrylic-acid behenyl, and behenyl methacrylate; Styrene, 
Alpha methyl styrene, o-methyl styrene, m-methyl styrene, p-methyl styrene, **** 
styrene system monomer [, such as p-tert-butyl styrene, ]; - **** itaconic-acid 
ester [, such as itaconic-acid benzyl, ]; - **** maleates [, such as maleic-acid 
dimethyl, ]; -- **** boletic acid ester [, such as boletic acid dimethyl, ]; - 
acrylonitrile and a methacrylonitrile - Vinyl acetate; Acrylic-acid 2-hydroxyethyl, 
methacrylic-acid 2-hydroxyethyl, The hydroxyl-group content monomer like 
acrylic-acid hydroxypropyl and methacrylic-acid hydroxypropyl; Ethyl acrylic-acid 
aminoethyl, Acrylic-acid aminopropyl, a methacrylic-acid amide, 
methacrylic-acid aminoethyl, **** amino-group content monomers, such as 
methacrylic-acid aminopropyl, acrylic-acid dimethylaminoethyl, and 
dimethylaminoethyl methacrylate; alpha olefin like ethylene, An acrylic acid, a 
methacrylic acid, a crotonic acid, ethacrylic acid, a propyl acrylic acid, An 
isopropyi acrylic acid, an itaconic acid, boletic acid, AKURO yloxy ethyl phthalate, 
Carboxylic-acid content monomers, such as bitter taste roil oxy-succinate, 



acrylic-acid 2-sulfonic-acid ethyl, The monomer which has **** phosphonic acid 
radicals, such as a monomer which has **** sulfonic groups, such as 
methacrylic-acid 2-sulfonic-acid ethyl and a butyl acrylamide sulfonic acid, 
methacrylic-acid 2-phosphonic acid ethyl, and acrylic-acid 2-phosphonic acid 
ethyl, is mentioned. 

[0043] As a 2 organic-functions cross-linking vinyl monomer, 2 organic-functions 
acrylate, such as for example, 1,3-butanediol diacrylate, 1 ,6-hexanediol 
diacrylate, diethyiene glycol diacrylate, polyethylene-glycol diacrylate, 
tripropylene glycol diacrylate, and ethoxylation bisphenol A diacrylate, and the 
above-mentioned acrylate, the same 2 organic-functions methacrylate, etc. are 
mentioned. 

[0044] Moreover, 3 organic-functions acrylate, such as for example, a tris 
(2-hydroxyethyl) isocyanurate thoria chestnut rate, trimethylolpropane triacrylate, 
ethoxylation trimethylolpropane triacrylate, and a propoxy-ized glyceryl thoria 
chestnut rate, and the above-mentioned acrylate, the same 3 organic-functions 
methacrylate, etc. are mentioned as a 3 organic-functions cross-linking vinyl 
monomer. 

[0045] In this invention, the acrylate of four or more organic functions, such as 
for example, pentaerythritol ethoxy tetraacrylate, dipentaerythritol hydroxy 
pentaacrylate, and dipentaerythritol hexaacrylate, the above-mentioned acrylate, 



the same 4 organic-functions methacrylate, etc. are mentioned as an effective 

cross-linking vinyl monomer of four or more organic functions. 

[0046] Moreover, two or more organic functions of prepolymers of for example, 

urethane acrylate, epoxy acrylate, and polyester acrylate etc. are mentioned as 

a prepolymer which it has four or more organic functions preferably. These 

prepolymers can be replaced with and used for the aforementioned vinyl 

monomer. 

[0047] Furthermore, for example, benzoyls, benzoyl alkyl ether, benzophenones, 
benzoyl phenyl phosphine oxide, acetophenones, thioxan tons, and 
anthraquinone can be used as a polymerization initiator (bridge formation 
initiator) of a vinyl monomer if needed. The polymerization initiator which 
dissolves in a monomer especially is desirable. 

[0048] As for the loadings of 51% of the weight or more of the cross-linking 
matter, it is desirable that said vinyl monomer content of two or more 
functionality to the mixed solution for generating the gel electrolyte of this 
invention is 3 % of the weight - 30% of the weight of within the limits. The 
reinforcement of gel becomes weak and the loadings of the cross-linking matter 
lifting-come to be easy of a liquid spill at less than 3 % of the weight. On the 
other hand, when the loadings of the cross-linking matter are 30-% of the weight 
**, the amount of solvents and the amount of oxidation reduction system 



compounds in a gel electrolyte decrease, and the photoelectric conversion 
efficiency of an optoelectric transducer falls. The much more desirable loadings 
range of the cross-linking matter is 4 % of the weight - 20 % of the weight, and 
4 % of the weight - 10% of the weight of its within the limits is the most desirable. 
[0049] As an oxidation reduction system constituent in this invention, the 
oxidation reduction system constituent of a couple which consists of an oxidant 
and a reductant can be used suitably. The oxidation reduction system 
constituent in which an oxidant and a reductant have the same charge is 
desirable. The oxidation reduction system constituent in this description means 
the matter of the couple which exists in the form of an oxidant and a reductant 
reversibly in an oxidation reduction reaction. The oxidation reduction system 
constituent itself [ such ] is well-known to this contractor. The oxidation reduction 
system constituent which can be used by this invention For example, chlorine 
compound-chlorine, Iodine compound-iodine, a bromine compound-bromine, 
thallium ion (lll)-thallium ion (I), Mercury ion (ll)-mercury (ion I) ruthenium ion 
(lll)-ruthenium ion (II), Copper-ion (ll)-copper-ion (I) iron ion (lll)-iron ion (II), 
Vanadium ion (III) / - vanadium ion (II) manganic acid ion-permanganic acid ion, 
ferricyanide-ferrocyanide, a quinone-hydroquinone, a fumaric-acid-succinic acid, 
etc. are mentioned. Needless to say, other oxidation reduction system 
constituents can also be used. 



[0050] Especially as an oxidation reduction system constituent, iodine 
compound-iodine is desirable. For example, especially as an iodine compound, 
iodation G MIDAZORIUMU compounds, such as iodation 
quarternary-ammonium-salt compounds, such as metal iodides, such as a 
lithium iodide and potassium iodide, tetra-alkylammonium iodide, and pyridinium 
iodide, and iodation dimethyl propyl imidazolium, are desirable. 
[0051] As for the content of the oxidation reduction system constituent of the 
mixed solution for generating the gel electrolyte of this invention, it is desirable 
that it is 0.5 % of the weight - 5% of the weight of within the limits. When the 
content of an oxidation reduction system constituent is less than 0.5 % of the 
weight, sufficient photoelectric conversion efficiency cannot be acquired. On the 
other hand, when the content of an oxidation reduction system constituent is 5-% 
of the weight **, in order to absorb the light by which the oxidation reduction 
system constituent was irradiated, since photoelectric conversion efficiency falls, 
or the side reaction which the electron poured into the semi-conductor moves to 
an oxidant occurs from coloring matter and problems, such as decline in 
photoelectric conversion efficiency, arise, it is not desirable. The much more 
desirable content range of an oxidation reduction system constituent is 1 % of 
the weight - 4 % of the weight, and 2 % of the weight - 3% of the weight of its 
within the limits is especially the most desirable. 



[0052] The solvent used with the mixed solution for generating the gel electrolyte 
of this invention has the desirable compound which dissolved the oxidation 
reduction system constituent and was excellent in ion conductivity. Although 
both an aquosity solvent and an organic solvent can be used as a solvent, since 
an oxidation reduction system constituent is stabilized more, an organic solvent 
is desirable. For example, dimethyl carbonate, diethyl carbonate, methylethyl 
carbonate, Carbonate compounds, such as ethylene carbonate and propylene 
carbonate, Ester compounds, such as methyl acetate, methyl propionate, and a 
gamma butyrolactone, Diethylether, 1, 2-dimethoxyethane, 1, 3-dioxo silane, 
Ether compounds, such as a tetrahydrofuran and a 2-MECHIRU tetra-hydra 
furan, Heterocyclic compounds, such as 3-methyl-2-OKISAZOJIRINON and 
2-methyl pyrrolidone, Aprotic polar compounds, such as nitryl compounds, such 
as an acetonitrile, a methoxy acetonitrile, and propionitrile, sulfolane, JIJIME chill 
sulfoxide, and dimethyl formamide, etc. are mentioned. These can also be used 
independently, respectively, and can also mix and use two or more kinds 
together. 

[0053] Especially as an organic solvent, nitryl compounds, such as heterocyclic 
compounds, such as carbonate compounds, such as ethylene carbonate and 
propylene carbonate, 3-methyl-2-OKISAZOJIRINON, and 2-methyl pyrrolidone, 
an acetonitrile, a methoxy acetonitrile, and propionitrile, are desirable. 



[0054] As for the content of the solvent in the mixed solution for generating the 
gel electrolyte of this invention, it is desirable that it is 65 % of the weight - 96.5% 
of the weight of within the limits. When the content of a solvent is less than 65 % 
of the weight, an oxidation reduction system constituent cannot be dissolved 
thoroughly and sufficient ion conductivity cannot be obtained, either. On the 
other hand, since the problem of not becoming gel arises when the content of a 
solvent is 96.5-% of the weight **, it is not desirable. The much more desirable 
content range of a solvent is 75 % of the weight - 95 % of the weight, and 80 % 
of the weight - 90% of the weight of its within the limits is especially the most 
desirable. 

[0055] The electrolyte layer 5 in the optoelectric transducer of this invention For 
example, the cross-linking matter which contains the vinyl monomer of two or 
more functionality 51% of the weight or more (a polymerization initiator is 
blended if needed), A mixed solution is prepared from a solvent and an oxidation 
reduction system constituent. This mixed solution It arranges by the approach of 
arbitration, such as the applying method and dip coating, on the coloring matter 
support semi-conductor layer 6, and is formed by making a gel electrolyte 
generate by carrying out the radical polymerization of said cross-linking matter 
with proper means, such as heat, light, or a radiation, after that. 
[0056] In an oxidation reduction system constituent, reduction compounds, such 



as iodine, may work as polymerization inhibitor of a radical polymerization, and 
may check a polymerization. For this reason, when using reduction compounds, 
such as iodine, polymerization inhibition can be avoided after gel polymer 
electrolyte formation by the approach of arranging in the container sealed with 
reduction compounds, such as iodine, and diffusing a reduction compound in a 
gel polymer electrolyte, and the method of making a reduction compound adhere 
to a counter-electrode by spreading etc. As the radical polymerization approach, 
although heat, light, a radiation (for example, electron ray) exposure, etc. are 
mentioned, electron beam irradiation is more desirable. 

[0057] Moreover, if prepare a mixed solution from the cross-linking matter (a 
polymerization initiator is blended if needed), a solvent, and an oxidation 
reduction system constituent, a porous body is made to carry out the radical 
polymerization of this solution after impregnation and it is made gel as an 
exception method, the firmer electrolyte layer 5 may be obtained, and it may be 
effective for liquid-spill prevention. 

[0058] As structure of a porous body, what piled up fibrous material, a thing with 
the grid-like network structure, the thing which has a column-like opening in the 
direction of a normal over a porous body side are desirable. Therefore, as a 
porous body, a separator or a nonwoven fabric used for a barrier filter 
(membrane filter) or a primary cell, a rechargeable battery, etc. can be used 



suitably, for example. When it has the opening especially penetrated in the 
direction of a normal to the porous body side, since there are few operations 
whose porous bodies itself check migration of a redox couple, high photoelectric 
conversion efficiency is acquired. 

[0059] As construction material of the barrier filter used as a porous body, what 
consists of polyester, such as polyolefines, such as a glass fiber, polypropylene, 
and polyethylene, and polyethylene terephthalate, is desirable. 
[0060] As construction material of the separator used as a porous body, or a 
nonwoven fabric, polyester, such as polyolefines, such as polypropylene and 
polyethylene, and polyethylene terephthalate, polyamides, the poly FERIREN 
sulfide, vinyon (copolymerization object of a vinyl chloride and vinyl acetate), 
polyimide, Vinylon (acetalization polyvinyl alcohol), etc. are desirable. The 
separator or nonwoven fabric of such construction material can also be used for 
two or more sorts of the separators or nonwoven fabrics of construction material, 
compound-izing, even if independent. Here, "the compound-ized nonwoven 
fabric" uses either melt spinning / extended blend roll nonwoven fabric or the two 
above-mentioned kinds of ingredients as the heart, after blending the two 
above-mentioned kinds of ingredients, and it is a nonwoven fabric of the 
sheath-core structured type which it comes to carry out thermal melting arrival 
about the bicomponent fiber (conjugate mold fiber) with which another side 



comes to cover the perimeter. For example, the nonwoven fabric of the thermal 
melting arrival type which used high-melting polypropylene for the heart 
component, and used the polyethylene of a low-melt point point for the sheath 
component is known well. 

[0061] The thickness of a porous body is prescribed by the spacing of the 
semi-conductor layer 6 and a counter-electrode 4. However, generally the 
thickness of a porous body has 1 desirablemm or less. When the thickness of a 
porosity base material is 1mm **, the travel of the redox couple in the electrolyte 
layer 5 becomes long, the transfer reaction of the electron through a redox 
couple becomes rate-limiting, and photoelectric conversion efficiency falls. 
[0062] losing the space of the semi-conductor layer 6 and a counter-electrode 4 
loses electrolyte layer 5 part which the maintenance device by the porous body 
does not commit - ******** ~ that -- the very thing leads to liquid-spill prevention 
and the improvement in dependability. However, the erector setting and forcing 
two poles mutually strongly, in order to lose the space of the semi-conductor 
layer 6 and a counter-electrode 4 may destroy mechanically the semi-conductor 
layer 6 and a counter-electrode 4, and it may become the factor which reduces 
photoelectric conversion efficiency. Therefore, it is desirable to prepare spacing 
of at least 1 micrometers or more between the semi-conductor layer 6 and a 
counter-electrode 4, and to prevent mechanical destruction of said 



semi-conductor layer 6 and a counter-electrode 4. Therefore, it is desirable to be 
referred to as 1 micrometers or more as thickness of the porous body prepared 
between the semi-conductor layer 6 and a counter-electrode 4. 
[0063] The porous body used since the electrolyte layer 5 between the 
semi-conductor layer 6 of this invention and a counter-electrode 4 is constituted 
must be held so that the liquid spill of about [ not barring migration of the redox 
couple of the electrolytic solution with which it fills up between the 
semi-conductor layer 6 and a counter-electrode 4 ], and these electrolytic 
solutions may not be carried out. Therefore, a porous body must not bar 
migration of the redox couple of the electrolytic solution required for formation of 
an optoelectric transducer, but must have sufficient porosity (porosity) required 
to hold the electrolytic solution moreover, so that a liquid spill may not be started. 
[0064] For this reason, it is desirable to use the porosity raw material whose 
porosity (porosity) is 30% - 80% of within the limits as a porous body. When a 
porous body with porosity smaller than 30% is used, the effectiveness that a 
porous body bars migration of a redox couple becomes large, the transfer 
reaction of the electron through a redox couple becomes rate-limiting, and 
photoelectric conversion efficiency becomes low. On the other hand, when a 
porous body with larger porosity than 80% is used, an aperture becomes large, 
the electrolytic-solution maintenance capacity by capillary action declines, and 



sufficient liquid-spill depressor effect is no longer acquired. It is much more 
desirable to use the porosity raw material whose porosity (porosity) is 35% - 65% 
of within the limits. It is most desirable to use the porosity raw material whose 
porosity (porosity) is 40% - 60% of within the limits. 
[0065] 

[Example] Hereafter, an example explains this invention concretely. However, 
this invention is not limited only to the following example. 

[0066] The electrolytic solution made to dissolve iodation tetrapropylammonium 
0.5 mol/l in the mixed solution of the volume ratio 8:2 of the preparation ethylene 
carbonate of the example 11.6 organic-functions cross-linking monomer content 
electrolytic solution A and an acetonitrile was prepared, and 2 % of the weight 
was added [ the dipentaerythritol hexaacrylate of six organic functions ] for 2, 4, 
and 6-trimethyl benzoyl diphenyl phosphine oxide [RUSHIRIN TPO (trade name) 
and the BASF Japan, Ltd. make] as 10 % of the weight and a polymerization 
initiator to this electrolytic solution. 

[0067] 2. On the glass with a transparent electrode (50mmx50mm) which 
applied the production titanium oxide of an optoelectric transducer, the electrode 
which did 1cm50microg support per two of a cis-JI (thio cyano)-N and N-bis(2, 
2 , -bipyridyl -4, 4'-dicarboxy rate) ruthenium (II) complex as sensitizing dye was 
produced. Moreover, the spatter of the platinum was carried out to glass with a 



transparent electrode (50mmx50mm), and this was made into the 
counter-electrode. With these two electrodes, as the titanium oxide and platinum 
side faced each other, put in and inserted 50-micrometer spacer in thickness, 
and the monomer content electrolytic solution A prepared by said 1 was made to 
pour into inter-electrode by capillarity, and these electrode surfaces were made 
to carry out impregnation. Then, after having irradiated for 30 seconds the 
illuminance of 60mW/cm with the ultraviolet ray lamp of 2 (measured value by 
TOPCON UV checkered UVR-T35), carrying out the polymerization of the 
monomer content electrolytic solution, producing a gel polymer electrolyte and 
putting to the bottom of an iodine ambient atmosphere for 1 hour, the perimeter 
was closed, the terminal was pulled out from each electrode, and the 
optoelectric transducer of this invention was produced. 

[0068] 45mW /irradiated the xenon lamp light of 2 cm at the optoelectric 
transducer produced by said 2 (exposure area 12cm2), and the 
photocurrent-voltage characteristic was measured. Furthermore, the electrolyte 
maintenance trial which puts the pressure of 0.5kg/cm2 on this optoelectric 
transducer for one week at a room temperature along the direction of a normal of 
an electrode surface at homogeneity at an electrode surface was performed. 
[0069] The electrolytic solution made to dissolve iodation tetrapropylammonium 
0.5mol/l. in the mixed solution of the volume ratio 8:2 of 21 .example 1 



functionality, two functionality and the preparation ethylene carbonate of the 6 
functionality vinyl monomer content electrolytic solution B, and an acetonitrile is 
prepared. 2 % of the weight of methyl acrylate of six organic functions, 5 % of the 
weight of diethylene glycol diacrylate, and dipentaerythritol hexaacrylate to this 
electrolytic solution 3 % of the weight, 2 % of the weight was added for 2, 4, and 
6-trimethyl benzoyl diphenyl phosphine oxide [RUSHIRIN TPO (trade name) and 
the BASF Japan, Ltd. make] as a polymerization initiator. 

[0070] 2. Except having changed into the monomer content electrolytic solution 
B the monomer content electrolytic solution A used in the production example 1 
of an optoelectric transducer, the optoelectric transducer was produced like the 
example 1 and measurement of the photocurrent-voltage characteristic and an 
electrolyte maintenance trial were performed. 

[0071] On the glass with a transparent electrode (50mmx50mm) which applied 
the production titanium oxide of example 3 optoelectric transducer, the electrode 
which did 1cm50microg support per two of a cis-JI (thio cyano)-N and N-bis(2, 
2'-bipyridyl -4, 4'-dicarboxy rate) ruthenium (II) complex as sensitizing dye was 
produced. Moreover, the spatter of the platinum was carried out to glass with a 
transparent electrode (50mmx50mm), and this was made into the 
counter-electrode. As the titanium oxide and platinum side faced each other, 
inserted the porous body (high-density-polyethylene resin, average 



aperture:0.1 micrometer, porosity: 60%) with a thickness of 25 micrometers, and 
the monomer content electrolytic solution A prepared in said example 1 was 
made to pour into inter-electrode by capillarity, and these electrode surfaces 
were made to carry out impregnation with these two electrodes. Then, after 
having irradiated for 30 seconds the illuminance of 60mW/cm with the ultraviolet 
ray lamp of 2 (measured value by TOPCON UV checkered UVR-T35), carrying 
out the polymerization of the monomer content electrolytic solution, producing a 
gel polymer electrolyte and putting to the bottom of an iodine ambient 
atmosphere for 1 hour, the perimeter was closed, the terminal was pulled out 
from each electrode, and the optoelectric transducer of this invention was 
produced. The optoelectric transducer was produced like the example 1 and 
measurement of the photocurrent-voltage characteristic and an electrolyte 
maintenance trial were performed. 

[0072] The optoelectric transducer was produced like the example 1 after 
preparing the electrolytic solution except a 6 organic-functions cross-linking 
monomer and a polymerization initiator by 1 of example of comparison 1 
example 1, and measurement of the photocurrent-voltage characteristic and an 
electrolyte maintenance trial were performed. 

[0073] The electrolytic solution made to dissolve iodation tetrapropylammonium 
0.5mol/l. in the mixed solution of the volume ratio 8:2 of 21. example of 



comparison 1 functionality, two functionality and the preparation ethylene 
carbonate of the 6 functionality vinyl monomer content electrolytic solution C, 
and an acetonitrile is prepared. 12 % of the weight of methyl acrylate of six 
organic functions, 4 % of the weight of diethylene glycol diacrylate, and 
dipentaerythritol hexaacrylate to this electrolytic solution 4 % of the weight, 2 % 
of the weight was added for 2, 4, and 6-trimethyl benzoyl diphenyl phosphine 
oxide [RUSHIRIN TPO (trade name) and the BASF Japan, Ltd. make] as a 
polymerization initiator. 

[0074] 2. Except having changed into the monomer content electrolytic solution 
C the monomer content electrolytic solution A used in the production example 1 
of an optoelectric transducer, the optoelectric transducer was produced like the 
example 1 and measurement of the photocurrent-voltage characteristic and an 
electrolyte maintenance trial were performed. 

[0075] The result of the optoelectric-transducer property of each optoelectric 
transducer obtained in aforementioned examples 1-3 and examples 1-2 of a 
comparison and an electrolyte maintenance trial is summarized and shown in 
the following table 1. 
[0076] 
[A table 1] 

Electrolyte Open end Short-circuit current Configuration Photo electric 



translation Electrolyte maintenance trial Charge Condition Electrical potential 
difference (V) Consistency (mA/cm2) Factor Effectiveness (%) Trial ** Example 
1 Gel 0.73 2.5 0.34 1.4 Liquid-spill-less example 2 Gel 0.75 2.9 0.35 1.7 
Liquid-spill-less example 3 Gel 0.70 2.3 0.38 1.4 the example 1 of a 
liquid-spill-tess comparison - liquid 0.77 3.3 0.32 1.8 Example 2 of the 
comparison with a liquid spill Gel 0.65 2.5 0.28 1.0 a liquid spill a few - **** 
[0077] The optoelectric transducer using the gel polymer electrolyte of this 
invention does not have the liquid spill of the electrolytic solution, and the 
photoelectric transfer characteristic equivalent to the case where an electrolyte 
is a solution was acquired so that clearly from the result shown in the 
aforementioned table 1. Moreover, in the crosslinked polymer, when 2 
functionality vinyl monomer was not contained 51% of the weight or more, it 
became clear that a lot of monomers are needed for gelation of the electrolytic 
solution, and the mechanical strength of a gel polymer electrolyte also becomes 
low. (Mr. Nishihara.) If the example of a porous body activity of an example 3 
removes a point without a liquid spill, since there are few examples 2 of a 
comparison and engine-performance differences, it does not seem to be suitable 
as an example. I raise the numeric value of photoelectric conversion efficiency to 
about one example, or think that it is necessary to specify the activity 
effectiveness of a porous body by other data. For example, when an example 1 



is compared with an example 3, if a porous body is used, I will regard the 
difference [ the optoelectric transducer of an example 1, and ] in what kind of 
effectiveness are obtained as it being necessary to illustrate. 
[0078] 

[Effect of the Invention] As explained above, according to this invention, by using 
a gel polymer electrolyte, the liquid spill of the electrolytic solution can be 
prevented and, moreover, the optoelectric-transducer component by which the 
photoelectric transfer characteristic was stabilized can be obtained. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the outline sectional view of an example of the optoelectric 
transducer of this invention. 
[Description of Notations] 

1 Optoelectric Transducer 

2 Transparence Substrate 

3 Transparent Electrode 

4 Counter-electrode 



5 Electrolyte Layer 

6 Semi-conductor Layer 

7 Transparence Substrate 
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R u^mt— SSSv'X-X 2 (2, 2' -tftfUS/ 
X & C I — , C N — , SCN-m Cft^lC 

>x- (^w^7^-h) -ex (2, 2' -trtfD 

v7l/-4, 4' -->Vj;Mt^vU- h) R ti(lDfcJ\;* 
+ ^IttiH©T i^tfVlcfflBEffiLT, 

afit^E^cfcom^Kt^ff-p p nm^±v%nmt<Dm 

[0 0 2 l] ^U-y^x;b • -fe;l/<D«jS8tt7-y*K— ^ 
X5S1S 2 ftOPJtc, IWt3i7E»**tt«IHI***i*X 

h- h y ;u©i&&iS«*teffl u 3 * ffcx h ^- n -^d 

[0 0 2 2] ^l/7 7iJb- fcrt^l&ffi/giSU^ 

[0023] l^u ccDWBmmm&mtis^ct 



[0 0 2 4] IWb«^f*fl[)itt««{t*Kl£*5pJfflLfe 

3tttXift SSffls©Kl ^ feSifS5*»flKa^33I & ft T I ^ 
(09*fc^ W P*8¥ 1 -2 2 0 3 8 O^mmR) o Lfr 

[oo2 5] ?cT\ nmm<DixwtLx, mitwtik 

*1lirZ>^*y&mfo (fllfctf. ffW7-2 8 8 1 4 
2^$8#BS) ^SSWSi&S*? (Wittf, K. Murakoshi 
£k Chen. Lett., p. 471, 1997#PS) &H£:^fflU ± 
E<DRB«**P»fr S ^ < & ntl^o 

[0 0 2 6] Sfc, ffi^y;H^"J (Mfcfcf, WfH!¥i 

1 - 1 8 5 8 3 6 *ffi<f*;toM*SBIEP. 

» i i - i 

2 6 9 1 7^«#BH) *fflir^fc)WK««?«^BS* 
«§lc^ 2 1iM±(?)^ / V-^ 5 011%^ 

[0 0 2 7] 

«»K©y;wtfc:<fcoai«*B6ih-rsi:«fc. mm 

[0 0 2 8] 

mi ^ ©pau:EH a ntznmmm t 
2«flBttJM±oif-;i/ ; ey^r-*5 1 lI%a±M t 
zusffiw^m'S-z h±^> c ^ ^j; o ft^c V)\>vm. 



(5) 
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[0 02 9] 

[0030] ccom»M/i5«, 
**a*&* c ticxv sn&z tot Y>vym.mnfr % 

[00 31] *»fl80***J16ttfeJg*fflfif#-e:SC 

SSt*»c£tfUT?&£o CflDcfc^ft&^ttWxtf. RtiL 2 (ll 
2 0) 2 # ^cD;b-r ^ ^ A - is X - v T 5 T - tf b° U ^ ;U 
mXte;W^^A- HJ X(RuL 3 X /U-r-^A-tfX 
(RuL 2 ). ^"X— h UX(0sL 3 X tX^^A-ex 

cosl 2 ) * -Y ?<omfe&mmvm l < tt. - t- h ^ 
Jfc feist y^v^y^&m. h'J7x^M^yM 

S&feSR, -O^rfiSfeSR, S/7^V3fife*. ^Dy7^ 

tt^r^^A-^X (RuL 2 ) Sf ®t**W* L t V 
[0 0 3 2] ^«t{*S 6 ^<DlMSfeiR©l§Jf fi£ LT 
ii, 1 0-8— 1 0~ 6 mo I / c m*CDmmc$>ftl£& 
<, IftCO. i— 9. 0xi0-7mol/cm2W$ 

[0 0 3 3] -f-»f*I 6 L t tt, C 

d, Zik In, Pb, Mo, W, S b, B U C u, 
H g. T K A g , Mn, F e . V , S n , Zr , S 
r , C a , Si. C r (DWtitfa S r T i 0 3 , C a T 
i0 3 ^9^7X^fh, CdS, Zn 

S , I n 2 S 3 . PbS, M o 2 S , WS 2 , Sb 2 S 3 , B 
i 2 S 3 , ZnCdS 2< Cu 2 S OKf CdSe, I 
n 2 S e 3 , W S e 2 , H g S . PbSe, C d T e <D& 
,i^;l/3yt^ fOlGaAs, Si, Se, Cd 
2 P 3 , Zn 2 P 3 , In P. AgBr, P b I 2 , Hg 

n*^ft<fct>-«w±**tr***, M^tf. cds 



/Ti0 2 , CdS/AgI, Ag 2 S/AgL CdS 
/ZnO, CdS/HgS, CdS/PbS, ZnO/ 
ZnS, ZnO/ZnSe, CdS/HgS, CdS x 
/CdSe,_ x , CdS/Te,. x , CdSe/Te 
t _ x , ZnS/CdSe, ZnSe/CdSe, CdS 
/ZnS, Ti0 2 /Cd 3 P 2> CdS/CdSeCd y 
Zn^S, CdS/HgS/CdS/«U\ +t 

[0 0 3 4] ¥«M#i6<DffS«0. 1 — 1 0 0 /i.m<0 

[0 0 3 5] *Wf*»6^»3||*n«ftlO*«3tt. & 
l£f*JR SU ft. 7/1/ £-9 A. o>> 

[0 0 3 6] 6 WO«» 3 fcfc. % 

asOQ/DKTT^O, *08$L<tt30Q/DW 

[0 0 3 7] 6 tf»»Sn5lOW 3 jS 

"e$>0, <fct?j?SL<ti8 0%-e*«o cco«rtoaw« 

[0 0 3 8] 4 tt^tt«^«*? OiES t LTl 

[0039] ^mwmGicftmm-f&fct&te^ 

CD^f^/i 6 tf«JBSnS«0«S 3 i:J«tt 4 ©^ft 

^n^m<omm 3 /j«t^or«M^f*i 6 w 
[0040] *mi<Dr)v^&n*3zj&v%it&<Dm 



Zk5 l ■«%JK±**-rs!RflM?t14«tt. '>ST-y;l/tt 
«88»*W1lflDifti±tfl«^T**o HD©4 9li% 

[0 0 4 1] fc;^7Y-^LTfi, IHWBa^ieWtt 

[0 0 4 2] £?\ -SfiEttlf-ilAeyv-tLT, $J 
Wl^«7^y;l/B>«f*;k 7^y;b^x^;k 7 
^y;M^v:/nfc 0 ;k 7^y;l/Bt- n-:/nt?/k 7 
^U;l/K-n-y^;K T^V;l/B8- t -:/^;k 7^ 

y^ur^v^k **#y;i/Bw?-Jk * * ^ y ;i/g£x 

7- ;k ^^^y;l/^-ry^ab°;k * ^ y ;l/g£- n - 
^olf;k *#*y;l/»-n-;/*-;k *2ZVjim>f 
v/f;K ***y;l/»- t -r^;k ^^*y;l/»h 
y ?v;k *#^y ;b^v>?;k 7#y;uBS2-x?- 
;k-M^>;k ^^j"J/I/B2--xf;l/^+'>;K 7^y 
;l/»*^=r-;k ^^^y;I/»*^^-;l/, rirVfrM^V 
y;k ***y;M»^r>y;k 7^y;l/BKz?-;k ^ 
^y;l/»-fe^;k T * y ;l/*x-rT y ;k Xf7';;M 

^^yi/-K T^y;i/»^'N^;k ^vx^^y 

>\ a-^^l/X-l'-l/y, o — m — ^ 

f^Xf by, p-^;l/X^k>\ p-t e r t -7 

f(7)!lDt7V-«XXf^ : 7^y px h y;K ^ 
^'Jd- h l J;k WBgtfx;i, : 7^y;M^2-fc: Kn^ 
S^x^/k ^^^'J;l/i2-bFD^yx^k 7^y 
Ku^S/^ub^k ?«^*y;I/|Sk Ka+^a 

;xf;K 7^y;l/^7^yrotf;k ***y;l>&7 
^ h\ ^^*'J;l/B7^yxf;l/, ^^*'j;l/87^y 
:/an°;k 7^y;*>7W7^yx^;k *#^y 
/Hh>V ^7 ^ 7 x^;l/lf ^ 7 v 

- : x^bycoftJ^ a^b7^X 7 / 7'J;H, 
»Jrt/8L ^uhygL :r^7 / y'J;* 7°at°;I/7^U 

7^D^M^yx^-;l/7 / yl/-h, 7*0-01/;*- 
4^>1f * v*— hfcD^yl/.tOiMty -v— . 7*y 
jvm 2 - X;k* >*x^-;k * * * y 2 - x v 
fixf;k 7^7 * y ;U7 a FX;U*vBWG>»#x 



WBB2 0 01-273938 

/l/^yiS^tfl)^/^-, * y ;l/82 -*x* 
vBxf;k 7* y ;V»2 -^X^vBP^/I/^fiDftlS 

[0043] rei»exwy7-^it., m 

fcf. 1, 3-7^y^;k>7^'Jl/-h, 1, 6- 

;k>*7*»J k— K aK'J x^k>*y 3— ;!/S/T*y k 

— K h y^ntfuy^fy n— n,i?7i?V k— K xF 

=r-^{ti£X7xy-;i/A^7^y k- hftifo— «fi67 
* y b- h <fc ±§27 PJ«<Q~iir&g ^ * 
* y k- hftH*Wf6ti«o 
[0 0 4 4] H-g^1S14bfx;l/^yv-^b 
t> CT^^. hyx (2-t:FP^yxfik) -fVi/7 

•;7*yk-K x^Mth^fa^/P/^h 

'J7>vk-K ^p^*^yty y 7*y u 

-F&if03tfl67*y k- F*5<ktf±|E7*y k- h 

fcHftoH-gfiE^^y k- hft^w &n*o 

[0 0 4 5] *SMfl»cfei^TSa*W*ra'Bffi«±C>?R« 
ttex^yv-^LT, ffllilfcf* ^y^x'JX'Jh- 
;l/Xh^yfh77^Ul/-K yXy^TJJxUh- 
;bt:FP^M7^7 / ; , Jb-h, ^>Xy^x'JxUh 

-;^^7^y u— h*ift3Dra j g^±^7^y 
[0 0 4 6] 3=fc. z:«flg«± N »*L<tteg j efigtx± 

— K xzl^>7* y k— K ^yxXr-;b7^y k— 
[0 0 4 7] M^, 4S»cjSi;T\ h*xMyv-(?)l 

&mbm yemmbti® ^lt, w*tf* ^y^;i/ 

JH, ^V!/>fyl/7xx;I/7.tX7^ytW Fi, 7 
■feh7xyyi, ^t+/>hyl, 7>F^3W* 

[0 0 4 8] *IR|l«<oy7U««»K**J«-r«^:«)flDil 
-&fg?ft^<7X M22^tti^±(7)lfx;V^y*T-^W^ 
^5 1 fi*%0±OSB«tt«lRc3r)E'&Btt, 3sa%~ 

OE*l^ 3 S«%*»7?tt, V)Vam&if^ < & 0 , 

t±, 4li%-2 0li%t^D, 4 11%-lOli 
[0 0 4 9] *56M*c43tt5HMfcjB7c3K«fi8«lllfcLr 



(7) 
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fiSWMttWx.tf ^ iS*ft-&W-ffl*. 3**{fc-&»--3 
*SJt JMRfbjMB-Jlifc *y*A-f*:/(IlO-*y 

^^A>ft>(III)-;l/rr^W^>(]lX SH'tf-v 
ClO-ft-YiTXO, R-Y*>(JII)-«>r*V(Il), 

[0 0 5 0] »BKSfc*«»Hi:LTtt, 3 9*<t^ 

Ttt. 3»>fb#y ^i^<D&S3^{b 

A3-y F*<03 9 ft 4 »7 i*ffiffr&«K 3 9 

yy ^A{k^ft#q#«c#$ lv\> 

»SLo^*fi>EH« l ti%-4M%T*0, K 
[0 0 5 2] ^Woyyl/ttWH^^fig^SfcftOil 

h>f^xXr;Hb'&l, yxf;l/X-r;k ]. 2- 
5/* h^S/X^V, 1, 3-y^Vy7X rF7t 

TVWb'&W, 3-^f;l/-2-tWyy';/X 2- 



e &m if e n s o c n & « * ti ftnat-fflt * s c 1 1 

[0 0 5 3] *«««fcLTtt. xfUV/j-a- 

3 - ^ ^ ;i/ - 2 - * v v y y 2 - ^ ^ ^ t° a y 

Fv^ffijRSft^lSu 7^ F y ;k ^ h^>7-fe 
hxh'J ;k :7°u fc^x F y ;l/^(Dx h y ;Ht-&«*«lf 

[0054] *»woyn/4«ii»B*«tj«-r*fc»oa 

9 5ii%T*0> Wlc, 8 0li%-9 0li%« 
[0 0 5 5] *^©m8S?l^*t§S»Bi 5 
%W±-&#LT^>*5E«tt1Mt (iWH»ciSi;TB'&BI» 

[0 0 5 6] KfbiiTn^^Slcfe^T^ 3«>IW?(0 

a7tfb'&^«^^^;i/m-&oa'&R±gij^ LTit, a 
^i/«*yv-«Bw»*». 3 

««®^M^lcJ:O^Tn<b^%^a^^S^ 
[0 0 5 7] $/c. giJffi^LT. ^ft^fM CiMSfcJiS 

[0058] *7LH*^«ififcLT«4, «an*%ia*m 
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WBfl 2 0 01-273938 



tlSo 

[0 0 6 0] ^?L»tt£ LT{$ffl2n£^U-^--X 
>^C0;KIM-Uy^ VS. ^Uxf l/>rl/7^ h 

SUMO MiLt^§«M^T«t^^ 

[00 6 1] ^?L««tOff*tt*3P{*»6 ^ MlltS 4 4: 

WWt, 1 mmJWT#W*LC\> £?LIl3^f*<?>J**A< 
1 mma©J»-&. «»R/B 5 *©K{ta7B»<D»Wlffi« 
A*fi < * 0 > MWta7£«««t^4: Lfc*?<DS3JEJ5A* 

[0 06 2] ¥»f*ffl 6 i:»tl 4 £ <z>£R0**lt < c 

jases^rao Hc3& < J? LOtt-a- "5 C £ tt. ¥WfWB 6 £> £ 

IB¥«MWB 6 * <fc OFfcrtHB 4 ^HW^f^^ C C £ 
ft?*Li\> for, 4Mgf*JI6£*hUS4 £<OF a e IlcIS:tt 

[0 0 6 3] *58M©**»JB6 fc*W«4 fc<0ffl<D« 

ftoyigmiit mfft 1 * a* d a\ c n & ?R«n l 



fc^iSfcfStfLattntfa&a^o for, £?um* 

[0 0 6 4] £(Dfc&, ^LMWtLTte, ^Pyr^ 
- (»?L*) A* 3 0%~ 8 0%O«EHrtt?fe^*?LS^ 
«*ffifflt5Cfctf»SL^ 0%£ 

pyr^r- C3C?L*) AM 0%— 6 0 %<oSESirtT?&£ 
[.0 0 6 5] 

[006 6] ^fi£&fj 1 

x-r-l/y^j-;JU- h^Z^h^h V;V£<Dfcmtt8 : 
2 0D?g-&^&"tc 3 ftx h 5> 7'p >^r^ *)A0. 
5 mo 1 / 1 ^M?^ttlS«ilL, 

1 011%^ fia P^p^'Ji: LT 2 , 4, 
M>^;l/y ? 7x-;l/7^X7-Y VtI-^ 1 ^-^ F DbV 
U >TPO(BnU), ^x-xxx7^»/^(ft) 

[0 06 7] 2. )K«ai»?OfBB 
iWfc^^V*ttfliL*:iSW«af4-^^X (5 Omrnx 
5 Omm) fc, tiSSa^fcUTS/X-^ (f^y77) 
-N, N-tfX (2, 2' -fcflfy V~;l/-4, 4' -v? 
^M^yb- h) ;l/T--*>A(Il)«f** l c m^^/c 
0 5 0|i gffl»**fc*«*ff«Lfto Sfc, 
W$*7X (5 OmmX 5 Omm) {cS^^X/^*y^L 

w»e a ^ ^wmmmc * d mn^^riA^ 

(>7^>iUVfx7^UVR-T3 StC^Sfflffi 
L. ftMSA^M^SSISUiLT, 
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[006 8] mm 2 "CflFS L fc^tft^fSt^C 4 5 m W 

/c m2fl[>*-by >^v^-)t*B8S#L GBSfiffi* l 2 c 
m2) . 3Mti«-«£E»tt*iBISbfco Mfc. C©)M 

0. 5kg/c m2©J±^3&Siat- iSBSfrtt^ffiSK 

[0 0 6 9] 2 

2 <E>ig-&jSfKfc: 3 l > f t-f h ^ :/P HVbT *)A0. 
5 mo 1 X 1 *»»«-£fc*»«*TOU 

AWfi&*>**-;i/7*y u-h 211%, s/ifuy^y 
D-;l/S/7*yb-h5ii%, ^>^xyxuh- 

2, 4, 6- h y ^f;K>^;l/^7x-;l/7^-X7 

XX7^>^>(t)S) #2B»%*iSiiDL;fco 
[0 0 7 0] 2. ^Mg»S?(QftH 

[007 1 ] mmm 3 

Pftft^*>*tt*LftaW««f^***^X (5 OmmX 

— n, N-trx (2, 2* -et?ys/;i/-4, 4* 

tt^rJf^X (5 Ommx 5 0mm) tcfi^&X^ y ^ L 

Rf* (K*ac*Ux^U>1«B. ¥*§?Lt£ : 0. l p 
m, M?L^ : 6 0%) HifflESIttffil 1 T'WSL 

/-^yv — % a ^ ^ms^K £ j: o «« kb £ a 



60mW/cm2 (h^ygUVf i-y^-U VR- 
• [0 0 7 2] J±«ffll 1 



[0 0 7 3] tt«CT 2 

2 tDiB-&S?BE^ 3 *? itT b "7 7v If )\s7 >^&x ? A 0 . 

5moi/i ^mm^^ttcmmm^mmu mnmmc 

t^Sm(D^^)VT/>Viy—b 1 ZSM%, zsx^UZs? 

-^N^-^T^y I/-h^4li%^, fi-&BB»ffJ4:L 
T2, 4, 6~ hU ^^K>yV;by7x-;l/7tX 
7^V**"9--fK (^>"JyTPO(M^ fc£-x- 
XXX7^>/^((*)1) *2fi*%*SftnLfe 0 
[0 0 7 4] 2. rt«gft?K?<PflHH 

[0075] huE^^ssct i ~ 3 jkmmm 1 - 2 t*» 

[0 0 7 6] 



0.73 
0.75 
0.70 
0.77 
0.65 



12 
13 
1 

JMKW2 

[0 0 7 7] ftiiB£>« 1 te^£ftfc|g«fr&W&fr&<fc 
T, 2'&B6tfelf-;b- : eyv-^5 lli%W±^Lt 

0, ^oy;i/«jKy^--fi»Rco««fi5aa«>(a<3a:s 



fg a(iA /ci22 

2.9 
2.3 
3.3 
2.5 



[ID 

Hi 



0.34 
0.35 

0.38 
0.32 
0.28 



mm 

mm 
1.4 
1.7 
1.4 

1.8 
1.0 
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